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ABSTRACT 

The construction and opemtion 02 an improved 

type of radar system f o r  delinec t ing meteor radiants  

i s  discussed. 

exceeding 1000 meteors p?i7 h o w ,  hzve been obtainea, 

It i s  found tha t  the Veiay f a in t  meteors which are 

detected i n  such large numbers com2letely ob l i t e r a t e  

many o f  the recognised showers. 

High r a t e s  OF detection, qui te  o f t e n  



I. m U C T I O N .  

The c lass ic  method of del ineat ing meteor shower 

radiants  -om radar observations is tha t  due t o  Clegg 

(I 9482, 1948b) 

of an antenna array i n  conjunction v i t h  the specular 

ref lect ion of radio waves by a meteor t r a i l .  Meteors 

emanating from a given radiant are generally detected 

only when the radiant passes throcgh the plane normal 

t o  the l i ne  joining the observing s tEt ion and the 

meteor t r a i l  i n  the antenna beam. When the recorded 

echoes are  p lo t ted  8s a function o f  time and range the 

charac te r i s t ic  range-time envelopes o f  the Clegg method 

are  obtained. From t h e i r  shape ttild time of' occurrence 

the co-opdinates ( r igh t  ascension, a , and declination, 

6) of the radiant may be de&uced. If two antennas a re  

used (Aspinall, Clegg and Hawkins, 1951) the accuracy of 

the radiant  coordinates obtained i s  great ly  improved. 

which u t i l i s e s  t k  direct ive propert ies  

When more than 1000 echoes per day have t o  be 

p lo t ted  the Clegg methoi! becomes t o o  laborious and t i m e -  

consuming. 

enables the radiant coordinztes t o  be determined by 

p lo t t i ng  echo ra te  from b o t h  antennas as  a function of 

time. Only those ecl-,oes uhich l i e  i n  a range in t e rva l  

s t raddl ing the range of maximum occui'lyence need be used. 

1, modified p;)proack dGe t o  Keay (1957) 
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!This " p a r t i a l  ra te  method", as  i t  is  cal led,  speeds the 

data processing and allows higher echo r a t e s  t o  be deal t  

w i t h .  

Both methods lead t o  ambiguities whenever two o r  

more radiants  ai-e simultaneously active. These may be 

resolved, a t  the pr ice  o f  increrse2 system complexity, 

by incorporating a thire antenna, the beam 02 which 

skould be spaced equally i n  azimuth with the othep tno. 

Each rad i rn t  then plmduces 8 tilie-displaced sequence 

of peaks i n  the p a r t i a l  ra te  curves and i t  becomes very 

much easier  t o  r e l a t e  the individual peaks t o  one another, 

o r  show t h e i r  non-relntionship, as the case may be. 

If three range intervals  sre recorded from each o f  the 

three antennas nine p a r t i a l  r a t e  cwves zi7e obtained, 

thus giving a nine-fold check on the va l id i ty  0;" a 

radiant.  This i s  discussed i n  more d e t a i l  i n  Chapter 5 

and some examples of  i t s  application are given i n  

Chapter 6. 

The importance or" this  mgmented p a r t i a l  r a t e  

method l i e s  i n  i t s  a b i l i t y  t o  del ineate  the radiants  o f  

minor shovers which produce too  few largc, meteors t o  

make the ordinary Clegg method feasible .  

the matter another way, t h i s  method i s  capable 02 det- 

ect ing the presence of shovier s t ructure  i n  the sporadic 

meteor background level .  

O r ,  pu t t ing  
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When t h i s  work commenced, three narrow beam antenna 

errays f o r  operation a t  a frequency o f  69 MC. were 

already i n  existence, 

arrays directed tovards fixed azimuths of' 67.5 and 

112.5 degrees eas t  o f  nortn respect ively (E l lye t t ,  Keay, 

Roth and Bennett, 1 9 6 1 ) ~  while the th i rd  is a rotat-  

able planar array of' hElf-nave dipoles which can be 

turned towards any azimv-th (E l lye t t  a d  Roth, 1955). 

The Yagi arrays each consist oi' eight  seven-element 

Yagi antennas giving a beam 4.5 degrees wide i n  azimuth. 

For bo th  of them the elevation o f  the beam is  10 degrees 

and the power gain approximately 400. 

array comprises twelve half-wzve dipoles ( 3  high by 

4 ccross) movnted one eigkth v.ia?velcnl;th i n  f ront  of  a 

re f lec t ing  screen. 

azimuth and directed a t  an elevat ion o f  12 degrees, 

giving a power gain o f  about 80. 

Tim o f  them are multiple Yagi 

The ro ta t sb le  

Its main beam is  22 degrees wide i n  

I n  order t o  provide three beams eoually spaced i n  

azimuth the rotatable  array i s  directed t o  90 degrees 

eas t  of' north. 

as  well as receiving. the s e r i a l  recuirements would 

have Seen net had i t  not been To: d i E 5 c u l t i e s  encount- 

ered i n  connection with the necessary spark-gap 

By using each antema f o r  t ransmit t ing 
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t rans  m i  t -re c e i ve switching . 
an& breaXhrough a l l  corna:-ned t o  roi-ce the abandonment 

o f  spark-gaps as a means t o  this end. In  addition it 

was considsred Sesirable ,  i f  possible,  t o  use one 

t ransmit ter  f o r  the 7:thole system instead o f  having one 

f o r  each antenna. Accordingly a s ingle  wide-beam trans- 

m i t t i r - ?  antennz. was b u i l t  capable o f  f loodl ight ing the 

region searched by the thi-ee narrow-beam antennas 

u?3cCh could then be useG T o r  reception only. X plan 

of the actual  coverage of‘ the antennas is  sliovm i n  

Figwe I. The shape o f  the  radiat ion pat tern of the 

t ransmit t ing antenna led- t o  it  bein2 referred t o  as a 

fan-beam antenna: i t  i s  fully described i n  Chapter 3. 

=though the poiier Sain of the Fm-Seam antenna is lorn, 

t h i s  loss has beer, o f f se t  by the elimination o f  spark- 

gas sni tching and has l ed  t o  be t te r  over-all system 

performance. 

Urn- e l i  ab i 1 ..- t y , no i sines  s 

For the triple-beam system tkree separete receivers 

are  needed. Two vie1-e alie2.d-y i n  existence and a tliird 

was b u i l t  together with c? new clisplay system capable of  

ppesenting the three outputs sirrultaneously f o r  record- 

ing on Film. These corqoiients ai:e desciaibed i n  Chapter 4. 

i+ block Siagrm of the enti;.e s y u t w  i s  shown i n  Figure 2. 

The master control uni t  :-;as also i n  existence and 

very l i t t l e  modification w s  recuired t o  make i t  supgly 



a l l  o f  the necessary timing )-;me forms. Its block 

diagram i s  shown i n  Zigure 3 .  The 150 c / s .  repe t i t ion  

frequency f o r  the 69 Mc. transmitted pulses ( p . r * f * )  

was derived from the 50 c/s mains supply frequency, 

with provision f o r  phase sh i f t ing  t o  avoid bursts  o f  

interference 1-fnich are sometimes locked t o  the sup;.ly 

frequency. The 150 c/s p.r.f. controls the output 

Prom a 900 Kc/s crys ta l  o sc i l l a to r  by ncms of a. g2.t- 

i n z  c i r cu i t  an6 rese ts  the subsec;uent pulse  divider 

stages vL?ich p o v i d e  range-mmkeias and otlier essent ia l  

timing waveforms folloning each transmitted pulse, 

Thus the advantages o f  crystal  control are combined 

v i t h  those OF mains-lockeC operation. 

Tnis antenna vias i-eczired t o  pi-ovide, as simply 

as gossible, an azimuthal distpibution of' radiE.ted 

povler whick would enable 211 three naPi-01-1 bean arzlays 

t o  r c c e i x  meteor echoes. By i t e r e t i v e  calculations 

i t  vms found that  a ver t ica l  staclz o f  dipoles spaced 

0.35 o f  E wavelength i n  j2ont o f  a re f lec t ing  sci-een 

wonld produce the rec+red azimutiizl pattern.  The gain 

factors  used i n  the d e s i 9  ai-e given i n  TABLE I, the 

notation o f  v~liich agplies to the a i m r a y  geometry shovm 



Q0 

0 

5 
I O  

15 
20 

25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 

I .ooo 
0.995 
0.978 
0.955 
0.914 
0.868 
0.81 7 
0.758 
0.696 

0.55i 
0.490 
0.41 8 
0.346 
0.275 
0.205 
0,141 
0.080 
0.000 

0.627 

0. 7( a) Gi  - 9 
2 

I .618l 
I .6278 
I 6564 
1.7015 
1 . 7532 
I 8243 
I. 8896 
I. 9470 
I . 9870 
I . 9999 
I . 9754 
I . 9050 
I 7820 
I .6026 
I . 3668 
I . 0779 
0.7453 
0.381 0 

0.0000 

Product 

I .618l 

I .6200 
I .6249 
I -6079 
I . 5835 
I . a 3 8  
1.4758 
I .3830 
1.2539 
1.1003 
0.9335 
0.7449 
0.5545 
0.3759 
0.221 0 

0,1051 
0.0305 
0.0000 

1.6197 

-1 Gain fac tors  f o r  c a l c u l ~ . t i ~ ~  t.he horizontal  
radiat ion pa t te rn  o f  t h e  Fan-Beam Antenna. 
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i n  Figure 4. 

Tie ver t i cz l  rztilctioil pa t te rn  o f  the fan-beam 

antenna h2.d t o  be compatible with those o f  tne three 

narrow-beam amays , although it  was considered t h L t  a 

s l i g h t  increase i n  elevation 02 the main lobe mould be 

beneficial ,  f o r  the following reason: PT eviously, when 

each o f  the Yagi arrays were vsed ;'or both t ransmit t ing 

and reception, the number of Teceived meteor echoes as 

a function o f  range pealred necr 400 ICm, but subsequent 

work (Keay and El lye t t ,  1961) shoved thz.t th is  range 

should be shortened a l i t t l e  iil ordei- t o  ??educe the 

bias towards detecting radiants passing close t o  the 

local zenith, Accordingly, an elevat ion o f  I 5  degrees 

nas chosen f o r  the main lobe OF the fan-beam antenna, 

lesding t o  an eleva.tion o f  123 degrees For  the compos- 

i t e  pa t te rn  with the Yagi si-rays and 134 degrees f o r  

that  with the rotatable  array. is a r e s u l t ,  f o r  each 

ant ezma the peak i n  the l--ange d!-stribution o f  meteor 

echoes i s  sh i f ted  back by aboct 50 Km, without incurring 

any ap2rcciable loss i n  mtenna poi-ler gain. 

The above design rec_ui;-ements were s a t i s f i e d  by 

using a ve r t i ca l  s tack of three half-nave folded dipoles 

spaced half  a wzvelength epart ,  i-:ith the lonest  dipole 

one quarter o f  a vavelength &ove a ground screenp as 

indicated i n  Figure 4. The gain :actors used ai-e ziven 



i n  E:Bi,E 2. Several othei? designs were considei-eC; but 

C i s  one has the abvantage o f  a m-11 at 40 degrees 

e levat ion which reduces the ezfect  o f  the pr incipal  

secondarg lobes present i n  the other amays near that  

angle or" elevation. 

The half-wavelength spacing of the folded dipoles 

made feed and matching arrangenents very simple. Each 

of the three elements nas fed  equally i n  amplitude and 

phase. The impedance nztch t o  the trcnsmission l i n e  

was very close t o  optimum, a i th  on ly  a small adjustment 

of a quarter wave supQort stub being necessary t o  br ing 

the stand-ing wave r a t i o  t o  l e s s  tkan 1 .I. 

When it was completed the performance o f  the Tan- 

beam antenna proved t o  be very sat isfactory.  Measure- 

ments o f  i t s  d i r ec t iv i ty  were made using E balloon 

technique (Keay and Gray, 1963) yielcing the r e s u l t s  

shown i n  Figures 5 and 6. Figure 7 is  a photo o f  the 

antenna. 

The horizontal  radis t ion patteim has a s l i g h t  dip 

a t  azimuth 90 degrees east  which indicates  t ha t  the 

radis-ting elements ai-e E l i t t l e  too  f z ~  away f rom the 

re f lec t ing  screen. The G-ifreiTence i n  Qat te rn  is  so 

s l i g h t  tha t  no correction has  been made. 

The ve r t i ca l  radiat ion pa t te rn  i s  a lso f a i r l y  close 

t o  the calcv-lated design. The main lobe appears t o  be 
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2 9  0 * 7  ( P I  GL 2 9  1 *5 (g~ -p )  Product F37 0 * 5 ( g ~ - p )  GL 
2 2 

3.000 
2 . 926 
2.710 
2 . 375 
1.952 
I .481 
I .ooo 
0.539 

+O, 128 
-0.21 3 
-0.486 
-0.664 
-0.827 
-0.91 6 
-0.957 
-0.989 
-0.998 
-1 .ooo 
-1,000 

1.618 
I -628 
1.656 
I .702 
1.759 
I .824 
I .sgo 
1.947 
1.987 
2.000 

-1 09-75 
I .go5 
I .782 

1.367 
I .078 
0.745 
0.381 
0.000 

I -603 

0.000 

0.799 
I ,460 
I .878 
I .999 
I .826 
I .414 
0,852 

+O. 223 
-0.382 
-0.908 
-1.317 
-1.614 
-I . 808 
-1 . 91 9 
-1 . 974 
-1 . 995 
-2 . 000 

-2.000 

0.000 

3.806 
6.552 
7.591 
6.664 
4.933 
2.672 
0.894 
0.057 
0. I 63 
0.872 
1.716 
2.379 
2.655 
2.51 0 

2.105 
1.483 
0.762 
0.000 

TABLE 2 Gain fac tors  for calculating the v e r t i c a l  
radiat ion pattern of the Fan-Bean Antenna. 
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one degree lower than anticipzte2,  but t h i s  iilay be due 

t o  e r ro r s  o f  measui-ement. The u;qei7 lobe is  much broader 

than the calculated s L z e 9  due to  the l imited height of 

the r e f l ec to r  screen, which nas TestTicted by the need 

t o  have clearance between it and a 200 Mc. ro ta tab le  

a r ray  mounted on the same st ructure  (see Figure 7).  

The resu l t ing  backward radiation from the ug2ermost 

dipole completely accounts f o r  the broadness o f  the 

upper lobe. 

4. - ??ECEiW2S ,AND DIS-PLAY 

The  detection system may be divided in to  three 

main components: 

I . Tnree ident ica l  receivers 

2. Video pulse delays m d  mixing unit 

3 .  Display ar,d cernera 

4.1 -CEIVERS. 

Following the ex2erience @ne6 during meteor 

r a t e  surveys (E l lye t t  an6 Keay, 1963) two addi t ional  

receivers  were constructed, some modifications being 

incorpomLted. A block diagram of thesz receivers is  

shovrn i n  Figure 6, and a photo o f  oEe o f  then i n  

Figure 9. To s a t i s f y  the requirenent for a sens i t ive  
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~ 

l ~ . -  ~ 5 - s ~  r ccc iv t r ,  L tno stzze R , F .  amplifier is used. 

The f i r s t  stc.ge is  s.n XC88 (6DJ8) neutral ised cascode9 

inGuctlvely cou.;)lec? t o  the mtenna; while the see ind 

st;;-E;c i s  a coiivcntion:l pentoae amplifier ( 5 ~ 5 ) .  The 

o s c i l l a t o r  and mixer are also conventional. The mixer 

anodes ,&re tuned t o  I 1  .L+ and I 1  .S i i k .  1-espectively t o  

provide outputs t o  the tno 1.3‘. un i t s  via  separate  6M5 

pre-amplifiers. 

master control uni t  i s  applied t o  these preamplifiers 

during t ransmit ter  f i r ing .  

k negative suppression ilulse f k o m  the 

The main s ignal  1,F. unit o f  60 Kc.  bandwidth 

centred on 11.4 Iulc. comprises four s t rges  o f  synchronously 

tuned amplification pr ior  t o  tne 6 z 5  s ignal  3etector. 

Negative-going pulses derived f r o m  the sub I.F. un i t  

during the incidence of man-made interTerence o f  a 

t rans ien t  nature ape apiJlied t o  the l a s t  two tuned 

s tazes ,  reducing considera3ly the e f f ec t s  02 pulse type 

interfei-ence, 

The sub 1.3. un i t  o f  300 Kc. banduidth i s  centred 

on 11.8 Me. Four stages 02 synchronously tuned am- 

p l i f i c a t i o n  a r e  again used. 

w i l l  be noise only as the centre frzcuency i s  400 Kc. 

above the s ignal  I.F. freGuency. L 2 s o ,  since a shor te r  

time del iy  is experienced in  this ride-’Dand amplirier,  

The o u t p t  o f  t h i s  u n i t  



I. 

I O .  

noise pulses due t o  sviitcliing t ransients  , etc .  w i l l  

appear a t  the output &f?o? rcsching the s ignal  

detector.  k pclse  shaping and l imit ing stage a f t e r  

the noise detector is  s o  ZdjusteC thz t  a l l  noise 

9illses of greriter zmplitude than the rrormal background 

white noise w i l l  be applied 8s negative going suppres- 

s ion pulses t o  the control g r ids  OB the l a s t  two tuned 

stages o f  tine s ignal  I.F. uni t  via 8 s p o r t  time-constant 

c i r c u i t  , suppressing the noise pulses coming through 

the main 1.3'. u n i t .  

The video compression amplifier has already been 

rUlly described ( McLauchlan, 1960) . However, f o r  

completeness a br ie f  description f o l l o n s :  Essent ia l ly ,  

the r e s i s t i ve  load o f  a W l 3 8  compr.ession am2lif5er 

is shunted by a CVl38 cathode follower nkose b ias  i s  

made a f'unction of the integrated white noise. This 

bias voltage is  the r s c t i f i e d  out jut  o f  a CV.138 control 

amplif ier9 the r i s e  time of which i s  such that  i t  does 

not respond t o  short  pulse s ignals .  Further integrat ion 

of the white noise component of' the received signal 

i s  achieved by using 3 r e l a t ive ly  long time-constant 

network i n  the r e c t i r i e r  output. 
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4.2 EG UNIT. 

The video delays and mixing un i t  (Fraser,  4961) 

allow the simultaneous display OB the ou-tputs of all 

three receivers on a s ingle  cathode-ray tube display 

u n i t ,  as indicated by the block diagram i n  Figure I O .  

The c i r c u i t  i s  shown i n  Figure I I. 

Meteor echoes received by Zeceiver-I w i l l  appear 

on the in tens i ty  mod-ulE.teC czthode-ray tube as double 

dots, d t e r n a t e  sweeps o f  the t ine b2se being sh i f ted  

along tne range axis  by a 75 c / s  scuare wave from the 

master timer. The d o t  spacing is  adjusted t o  be 

equivalent t o  a tiEe i n t e m a l  of 50 microseconds, 

Wtepnate meteor-echo pulses  received by Zeceiver-2 

a re  delayed 50 microseconds by the associated delay l i n e  

and video gating circv-it.  Meteor echoes received. by 

this receiver m i l l  thus appear on the display tube screen 

a s  double do t s  displaceC I 0 0  microseconds along the range 

a i s .  Correspondingly, a l ternate  echo pulses received 

by Receiver-3 w i l l  be displaced 150 microseconds along 

the range axis by a s imilar  Frocess using a I 0 0  micro- 

second delay l ine .  
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The display unit f O l l O Y i S  conventional practice.  

i n t ens i ty  modulated P h i l i p  DB 10/78 cathode-ray 

tube presentation i s  photographed oil continuovsly 

moving I l f o r d  5G91 35mm f i l m .  The camera uses 24 
f e3 t  of f i l m  per day. 

5. TnXORY CkLCULA’JIXW 

The basic theory undei71ying the pc i  t i a l - r a t e  

metholl h2s already been published (Keay, 1957) and 

needs no modification when three instead o f  two 

narFow-beam antenna are employed. The countrng of 

meteors i n  mol-e than one range-band has also been 

&scribed i n  a paper ( C l l y e t t ,  Keay, Roth and Bennett, 

1961) i n  which i t  i s  referred t o  8s a multiple rate- 

count method, and an example 02 i t s  useI’ulness was given. 

It i s  the combination 02 these methods vLiicli i s  re fer red  

t o  as the augmented pa-tial-iaate method. 

Brief ly ,  short  t ime-intewcl counts of meteor 

echoes, whose ranges l i e  i n  8 band- centi-ed on the range 

of maximum occurrence , give a pa r t i a l - r s t e  curve when 

p lo t t ed  against time. Tile times when L3edcs occur i n  

the p a r t i a l  r a t s  curves From t a o  o r  nore antennas y ie ld  
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the  radiant coordinatzs of the mcteor ac t iv i ty  vihich 

gave r i s e  t o  the peaks. lfie same is  t rue i-/hen meteors 

i n  range-bands adjacent t o  the ccntral  range-bmd are  

used, although care must be taken t o  allow f o r  the 

assymmetricd dis t r ibut ion o f  ne tcors  within the ranse- 

band when high accuracy i s  re,-uii.ed. 

T T  

The manner i n  which tkz i-aciant coordinates r e s u l t  

from the observed times of occu-mence o f  peaks In  meteor 

r a t e  may be seen from Figme 12.  T h i s  Figure rcpi7esents 

a horizontal  projection of the iiitci3s?ction o i t h  the 

c e l e s t i a l  hemisphere of  t h e  planes i n  which meteor 

t r a i l s  must l i e  i n  order t o  bc detectzble a t  the range 

concerned. It i s  the sane as saying thzt  meteors from 

8 given i-adiant are  only detectable as the rad ian t  
passes through the appropriate 1 1  collecting" plane. 

For  the easter ly  dii.ected antema the col lect ing planes 

f o r  echoes detecteZ nc2.i- ranges oi' 300,.!+00 Fad 500 Rm 

in te rsec t  the c e l e s t i a l  hemisphe;?e i n  the l i n e s  N l  S, 

N 2 S  and N3S respectively. I n  r e a l i t y  the l i n e s  are  

narrow strips due t o  the f i n i t e  s i ze  o f  tne range in te r -  

val  i n  vjhich echoes cze counted (each 

extended 50 Km on eithei? side o f  the nominal ranee: 

i.e. the range intervals  uere  100 Km wide) and t o  the 

spread iii azimuth o f  the antenna beam. 

I t  range-band" 
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As a specif ic  example, the radiant  'A' w i l l  

first ppoducc echoes i n  the 500 Km range-band o f  the 

South o f  East antenna ( a t  point '3' i n  Figure I l ) #  

then i n  i t s  400 Km range-band rt a time which hagpens 

t o  coincide with the meridiari passage o f  the radiant  

i n  this par t icu lar  case (point 'b'). Echoes v J i l l  next 

appear i n  the 500 Km range-band of the E a s t  antenna 

(point ' e ' )  and almost a t  the same time i n  the 300 Km 

rage-band o f  the South o f  East antenna (point ' d' ) . 
And so on. Tne impoytant point i s  that the order 

of zppemance oi" echoes i n  the range-bands o f  the 

three antennas w i l l  be quite d i f fe ren t  f o r  radiant  

'B'9 an6 is  a function o f  the rzciant declination, 

However, up t o  quite high values of declination, the 

order o f  ajgearance o f  echoes i n  the various range 

bands associated with a piven antenna is  alsays tine 

same. Wso, except f o r  r a d i a l - s  passing wi th in  a f s w  

degrees of the zenith,  the peak echo ra te  i n  a given 

range-bmd from the East antznna is  always mid-way 

i n  time Setween the peak r z t e s  i n  the same range-band 

from the other two antennas. These charac te r i s t ics  

enable discrete  meteor shoner a c t i v i t y  t o  be ident i f ied  

vhsnever i t  occurs , 

For each range-band o f  the three antennas the 

time differences between peak echo :;ate and the time 

of' meridian passage (local t r a n s i t )  o f  any culminating 



DECL . 
67 
66  
65 
64  
63 
62 
61 
60 

59 
58 

55 
54 
53 
52 
51 
50 

49 
48 

45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
35 
34 
33 
32  
31  
30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

DECL . 

2 

2 

TABLE OF AERIAL COLLECTING PLANE TRANSIT T I N S  

COMPUTED FOR U T I T U D E  -43.62 DEGREES 

AERIAL AZIMUTH (EAST) = 112.5 DEGREES 

ECHO HEIGHT = 95.0 KILOMTERS 

SLANT RANGE OF MEAN ECHO - 
ELEVATION OF MAN ECHO - 
MAXIMUM DECLINATION - 67.74 DEGREES 

DECLINATION VALUE AT HORIZON .I 

500.0 KILOMETERS 

8.75 DEGREES 

41.97 DEGREES 

HOUR ANGLE 

4 H 21.0 H 
3 H 49.7 M 

3 H 10.7 H 
2 H 56.2 H 
2 H 43.8 M 
2 H 32.8 H 

2 H 14.2 H 
2 H 6.1 H 
I H 58.7 M 
1 H 51.9 H 
I H 45.5 H 
1 H 39.6 H 
1 H 34.0 H 
1 H 28.8 H 
1 H 23.9 H 
1 H 19.2 M 

1 H 14.8 H 
I H 10.6 M 
1 H 6.6 H 
I H 2.8 M 

0 H 55.6 H 
0 H 52.2 H 
0 H 48.9 H 
0 H 45.8 H 
0 H 42.8 M 

0 H 37.0 H 
0 H 34.3 H 
0 H 31.6 M 
0 H 29.1 H 
0 H 26.5 H 
0 H 24.1 M 

0 H 17.1 H 

0 H 14.9 M 
0 H 12.7 H 
0 H 10.6 H 
0 H 8.5 I4 
0 H 6.5 H 
0 H 4.4 M 
0 H 2.5 H 
O H  . 5 M  

-0 H 1.3 H 

HOUR ANGLE 

3 H 27.9 H 

2 H 23.0 H 

0 H 59.1 H 

0 H 39.9 H 

:: :: 2:l!  

-0 H 3.2 H 

DECL . 
19 
18 
17 
16 
15 
14 
13 
12 
1 1  
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

-1 2 
-5 
-6 
-7 
-8 
-9 

-10 

-1 1 
-1 2 
-1 3 
-14 
-1 5 
-16 
-1 7 
-1 8 
-1 9 
-2 0 

-2 I 
-22 

-2 5 
-26 
-2 7 
-28 
-2 9 
-30 

DECL. 

3 

HOUR ANGLE 

-0 H 5.0 H 
-0 H 6.9 H 
-0 H 8.7 H 
-0 H 10.5 H 
-0 H 12.3 M 
-0 H 14.0 H 
-0 H 15.8 M 
-0 H 17.5 M 
4 H 19.2 H 
-0 H 20.9 H 

-0 H 22.6 H 
-0 H 24.3 H 
-0 H 25.9 H 
-0 H 27.6 M 
4 H 29.2 M 
4 H 30.9 H 
-0 H 32.5 M 
4 H 34.2 H 
-0 H 35.8 M 
-0 H 37.5 H 

=: !i $09:; :: 
4 H 42.4 H 
-0 H 44.0 H 
-0 H 45.7 M 
-0 H 47.3 H 
4 H 49.0 M 
-0 H 50.6 H 
-0 H 52.3 H 
-0 H 54.0 H 

-0 H 5501 57. :: 
-0 H 59.1 H 
-1 H .9 M 
-1 H 2.6 H 
-1 H 4.4 H 
-1 H 6.2 H 
-1 H 8.0 M 
-1 H 9.9 M 
-1 H 11.7 M 

-1 H 13.6 H 
-1 H 15.5 H 
-1 H 17.5 M 
-1 H 19.5 M 
-1 H 21.5 M 
-1 H 23.5 M 
-1 H 25.6 M 
-1 H 27.7 M 
-1 H 29.9 M 

HOUR ANGLE 

-1 H 32.1 H 

OECL . 
-3 1 
-3 2 

-3 5 
-36 
-37 
-38 

-3 -3t 

3: 
-41  3 
4 5  
-46 

- 4 9  
-50 

-5 1 
-52 
-53 
-54 
-55 
-56 
-57 

3 

2; 
- 6 1  
4 2  

- 6 5  
- 6 6  
-67 

3 

DECL . 

HOUR A k L E  

-1 H 34.4 H 
-1 H 36.7 H 
-1 H 9.1 M 
-1 H i1 .6  M 
-1 H 44.1 M 
-1 H 46.7 M 
-1 H 49.3 H 
-1 H 52.U H 
-1 H 54.9 H 
-1 H 57.8 H 

-2 H .8  H 
-2 H 4.b M 

-2 H 10.6 M 
-2 H 14.1 M 
-2 H 17.8 H 
-2 H 21.6 M 
-2 H 25.6 M 
-2 H 29.8 M 
-2 H 34.2 M 

-2 H jf3.8 M 
-2 H 49.0 M '  
-2 H 54.6 I4 
-3 H .5 M 
-3 H 6.9 H 

-3 H 21.1 H 

-2 H 7.2 M 

-2 H 8.9 M 

-3 H 13.7 M 

zj ri 1 

H 11.2 M 
-4 H 25.7 H 
4 H 42.9 H 
-5 H 4.7 M 
-5 H 36.u M 

HOUR ANGLE 

TABLE 3 
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the outputs of three receivers on 8 single  catLode ray 

tube, Varying noise levels par t icu lar ly  when man-made 

interference \-?as present on any one or" the receivers ,  

were d i f f i c u l t  t o  coinpensate f o r .  The preservation 

o f  equzl signal-to-noise r a t io s  i n  estch o f  the three 

outputs was e s sen t i a l  i n  viet-: o f  the iiari7ov dynamic 

range of the cathode-ray tube s p o t  in tens i ty  and the 

requirement t h a t  a single b r i l l i ance  s e t t i n g  had t o  

bt? correct f o r  recording a l l  three s ignals .  T h i s ,  i n  

f ac t ,  i s  the weakest l i n k  i n  the whole system. 

Some samples o f  the f i l m  records a re  shorn i n  

Figure 44. Each sample Tepresents a three-minute 

in t e rva l ,  but the clocks (and detector  current meters) 

a t  the s ide o f  the film are not shown. Figure 14(a) 

was i-ecorded a t  1830 hou;rs N.Z.S.?. when the diurnal  

r a t e  i s  a t  i t s  lowest, 1-ihile Figure 14(b) is  of a typ ica l  

high pate period. The three diff 'erent dot-spacings a x  

qui te  evident : narrow spacing corresponds t o  meteors 

detected on the East antenna, (Receiver - I), the 

medium spacing t o  the  North o f  East antenEa (Receiver - 2), 

and the  vide spacing t o  the South o f  East antenna 

(Receiver - 3 ) .  I n  both  samples i t  w i l l  be noticed that 

the lower dot o f  each medium spaced pair: i s  fa i i l ter  than 

the upper dot :  t h i s  temporary f 'zclt vas due t o  a sligli% 

inaccuracy i n  the gain se t t in2  o f  the undelayed s igna l  



through that  channel. Such a simple naladjustment can 

eas i ly  hagpen and i t s  eLFect .Is exaggerated by the 

narrow dynamic range o f  the cathode-ray tube screen. 

I n  Figure 14(a) there is  a t o t a l  o f  nine echoes, 

corresponding t o  an echo rate  o f  I 8 0  per horn. I n  

Figure 14(b) there  are  67 discernable echoes, corres- 

ponding t o  a r a t e  o f  1340 p e r  hour. It may be remarked 

tha t  even i f  the lowest ra te  of’ 180 per hour continued 

throughout the day the resul tant  t o t d  OF over 4000 

echoes Yiould be f a r  too many t o  be handled- by the  

or ig ina l  Clegg method of analysis . 
Figure l4(b) shows many echoes which have been 

detected by more than one antenna, m u a l l y  by the main 

beam o f  one and a side lobe o f  mother.  Such cases are  

eas i ly  sorted out by heecling tke strongest echo. However, 

theie  are four of the 67 echoes sJhich a re  completely 

ambiguous and must be Gisregarded. 

k very usef i l  check on the peyfoi-mance o f  the 

naxovi bean antennas anG the i r  associated receivers 

was provided by a pen recorder which continuously mon- 

i to red  the detector cui2iQe11t i n  eeck receiver. A l l  

yecords exhibited a promi;ient pe& - , J h i  ch recurred every 

day a t  the s iderea l  time corresponding t o  the passage 

o f  the Sagi t tar ius  region o f  the Local Galaxy through 

the associated antenna beam. T h i s  is a;?parent i n  Figure 
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which shows superimpose& tracings o f  the records 

obtained over a period 02 one for tnight ,  The CiifTer- 

enczs i n  beam-width 02 the antenna ari?ays are also 

c lear ly  ;.evealed. 

One of  the first occasions when the comglete 

triple-antenna system was operatint-; successf i l ly  was 

during July,  1962. The p a r t i a l  ra te  curves obtained 

on July 25 are shoim i n  FiEZ-Te 16. In  each o f  the nine 

curvcs the 6-Xquarid shower has produced a very promin- 

ent  peal:, allowing quite a good value t o  be obtained 

f o r  i t s  radiant posi t ion,  as  folloi-?s: 

Right ascension 337.8' 0.5' 

Declination -13.7' & 2.9' 

These coordinates may be compared with those given 

by Ikintosh (1934), R.L.: 337.709 DeCl,: -18.1° f o r  

Ju ly  2 5 ;  and Hofilneister (1948) ;;I10 gives R.X.: 333.0°, 

Decl.: -13.0° f o r  July 26. 

The peak i n  the partial r a t e  curve f o r  t he  250-350 

Km iange in te rva l  from the North o f  East antenna mas 

incomplete because of a gap i n  the record due t o  a bad 

burst  of man-made interference.  Otherwise the pe&s 

were quite c lear  and thci-e is no  doubt as t o  t h e i r  

ident i f icat ion.  None o f  ti?e other  peaks i n  these 

p a r t i a l  ra te  curves are s plgorninent , except pei>haps, 
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f o r  the a c t i v i t y  from thc East Lntennh nesr 0800 hours. 

Roviever there i s  very l i t t l e  sug>oi5ting r c t i v i t y  from 

e i t h e r  o f  the other tl-io antermas and no radiant czn be 

dct2rmined f o r  it. This s i tua t ion  has proved t o  be 

surpr is ingly conmon, leiiding support t o  o ther  evidence 

(Kaiser, 1961 ) tha t  meteor sh0mei-s lose t h e i r  i den t i ty  

and merge in to  the sporaGic bcckground when large 

numbers of very f a i n t  meteor2 a re  bein2 6etected. 

The above s i tua t ion  i s  well i l l u s t r z t e d  by the 

i-ecoi-ds obtained i n  ear ly  DecerLDer, 1962, a time o f  

the gear r h n  several well-;moi-m southern showers are 

active (E l lye t t ,  Kea;:, Roth an& 'i3ennett9 1961). 

The pr incipal  two s r e  the Velids and the Fup?ids, 

Iirhich,, together with the L i b r i d s  and the Orionids, are  

marked on the gr inc ipa l  r s t e  cu-i'ves obteined during 

DeceRber 4 (Figure 17) rnd December 5 (Figure 18). O f  

the 72 times i-rl-.en a peak should heve been gresent fewer 

than 5 coincidences viere obtdned.  Even when al lonmce 

is  made f o r  inaccurzcies i n  the quoted radiant posit ions 

there a re  no cleur  sequences o f  pezks (such as tha t  f o r  

the 6-Z,c_uariGs i n  Figure 16) which betray shower act- 

i v i ty .  Xtrthermore ;:hen tile corresponding psi-tial 

r a t e  curves f o r  each o f  the tno days are intercompared 

there i s  very l i t t l e  continuity bctlreen them, despite 

the f a c t  t h a t  each of the shovers mentioned above lasts 
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f o r  several  dsys, It i s  a l s o  noticeable that some o f  

the sharper and i.iore prominent peaks one day ri-e re- 

placed by dips  In  the cume on the next day. 

Only the gross character is t ics  o f  the p a r t i a l  rate 

curves r e l a t e  t o  one another o r  p e r s i s t  from Cay t o  day: 

They are the p a d u d  i-ise i n  r a t e  I'rorn miCnight t o  

qproximately 0600 h0u.i s 

hours anti the ' u r o ~ d  hump 5.t around 1200-1300 hours f'ol- 

lowed by tne decline i n  -ate toi-jards the evming. Such 

a. finding is  consistent u l th  the s a t t e r n  i-kich erncrged 

from a yeer-long survey of  meteor activit;. i n  7960-61: 

the broad helion and anti-helion peaks Oi? groupings 

then a l so  over-shadoneG almost a l l  shoner a c t i v i t y  

(El lye t t  and Keay, 1963). 

the hollon centred near 0900 

7. - i ~ C K N O \ ? L . . ,  

The vro,-k carried- out under this g r m t  was great ly  

f s c i l i t z t e d  by the provision of' t e s t  ecuipment Prom the 

Universit ies o f  New Zealan2 Research Grants Committee. 
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FIGIURIC'i. Plan view of antenna coverage. The outer curve 
represents the horizontal radiat ion pa t te rn  of the Fan- 
Beam transmitt ing antenna, while the horizontal pattern8 
of the three narrow-beam antennas used for  reception are 
shown shaded. 





FIGURE 3 BLOCK DIAGRAM OF THE MASTER CONTROL UNIT WHICH SUPPLIES 
NECESSARY TIMING WAVEFORMS 
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FIGURE 4 .  GEOMETRY OF THE FAN-BEAM ANTENNA ARRAY, SHOWING IMAGES. 



HORIZONTAL POLAR DIAGRAM 
FAN BEAM AERIAL 

MEASURED 

CALCULATED ------ 

FIGURE 5 .  Comparieon of the measured and calculated hori- 
zontal radiation pattern8 of the Fan-Beam antenna. 
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FIGURE 6. Comparison of the measured and calculated vertical 
radiation patterne of the Fan-Beam antenna. 



FIGURE 7. THE 69 Mc. FAN-BEAM TRANSMITTING ANTENNA, MOUNTED ON THE SIDE OF 
AN EXISTING 200 Mc. ROTATABLE ARRAY. A 69 Mc. OMNI-DIRECTIONAL 
TRANSMITTING ANTENNA IS VISIBLE IN THE BACKGROUND. 



FlGUlEI.  RECEIVER BLOCK DUGRAY 
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FIGURE 9. ONE OF THE THREE RECEIVERS. THIS RACK ALSO CONTAINS THE VIDEO DELAYS 
AND MIXING CIRCUITRY. 
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FIGURE 12. HORIZONTAL PROJECTION OF CELESTIAL HEMISPHERE, SHOWING THE 
COLLECTINGPLANESFOREACHOFTHE THREENARROWBEAMPNTENNAS 
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FIGURE 14. LOW AND HIGH-RATE METEOR ACTIVITY AS SHOWN ON THE FILM RECORDS. 
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FIGURE 16. PARTIAL RATE CURVES FOR 1962, JULY 25. THE 
DELTA AQUARID SHOWER IS MARKED. 
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FIGURE 18. PARTIAL RATE CURVES FOR 1962, DECEMBER 5.  
0” I~,POSITION 91: ORIONID SHqYER (,If PRE:ENT) 
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